Molecular aspects of adrenergic signal transduction in cardiac failure.
Abnormal beta-adrenergic signal transduction and intracellular Ca2+ handling appear to be a major cause of systolic and diastolic dysfunction in humans with heart failure. The precise mechanisms which cause an alteration in Ca2+ handling have been a subject of investigation in recent years. Several lines of evidence suggest that activation of neurohormonal systems plays a central role. Altered Ca2+-handling (increased diastolic concentrations, reduced systolic Ca2+ release) have a strong impact on diastolic and systolic performance of failing hearts. Sarcoplasmic reticulum Ca2+ ATPase is reduced in activity and in steady-state mRNA concentration. The Na+-Ca2+ exchanger is upregulated at the mRNA and protein levels. Phospholamban depends strongly on cAMP-dependent phosphorylation. A strong sympathetic activation has been shown to desensitize the cAMP system. At the receptor level, there is downregulation of beta1-adrenergic receptors. An uncoupling of beta2-adrenoceptors has been attributed to an increased activity and gene expression of beta-adrenergic receptor kinase in failing myocardium, leading to phosphorylation and uncoupling of receptors. Finally, recent evidence suggests that cAMP-dependent transcription mechanisms may play a role during beta-adrenergic stimulation and cardiomyopathy with heart failure - by means of altered actions of cAMP response element binding protein, the cAMP response element modulator, or the activating transcription factor 1. The exact characterization of signal transduction defects could offer novel approaches to the pharmacological treatment of heart failure.